ABSTRACT background: Th e study is focused on objective data about plantar pressure changes during pregnancy and aft er birth, as well as the possibility to aff ect changes in plantar pressure by wearing special biomechanical shoes developed in cooperation between Masaryk university and J Hanák R, Ltd; Methods: Plantar pressure data of 38 pregnant women were measured in the fi rst and third trimesters, and aft er birth with Emed®-at plantographic platform. Twenty-one of the subjects (experimental group) wore special biomechanical shoes during this period. Peak plantar pressure and pressure time integral values in 10 masks of the right and left foot were measured separately and processed through ANOVA and Tukey post-hoc tests; Results: Th e main fi ndings were signifi cant increases in plantar pressure values under the longitudinal arch and medial forefoot region during the pregnancy in both groups, and a decrease in most of the values aft er birth. Th ere were no statistically signifi cant diff erences in measured values between the groups; conclusions: Th e load of the foot shift s during the pregnancy in a forward medial direction, which puts more loads on the longitudinal arch, medial metatarsal head areas and the big toe. Aft er birth, the plantar pressure distribution patterns mostly return to the original state observed at the beginning of pregnancy. Th e eff ect of the biomechanical shoes on the foot was not proved.
Pregnancy is related with many musculoskeletal changes that might reduce the ability of pregnant women to move without pain. Growing mass on the abdominal side of the body causes backgRound diff erent loading of the spine and center of gravity shift ing (Roztočil, 2008) . Together with changes and pain in the pelvis (Robinson et al., 2010) , weight gain and relaxed ligaments (Zwinger et al., 2004) , it also contributes to changes in the foot (Segal, 2013) and might cause changes in gait patterns which Plantar Pressure Distribution During and after Pregnancy and the Effect of Biomechanical Shoes is a point of interest in our study. Our aim is to detect the changes in plantar pressures during barefoot walking and to affect the changes in these variables by wearing special biomechanical shoes made by J Hanák R, Ltd, instead of common shoes.
We firstly aim to add further information about dynamic loading of women's feet during pregnancy and after birth to the results of other studies (Nyska et al., 1997; Gaymer et al., 2009; Kardag -Saygi et al., 2010; Ribeiro et al., 2011) . Data we get from our control group should be more detailed because of dividing the foot in more regions of left and right foot separately compared to other studies. Our next goal is to verify the effect of wearing specific biomechanical shoes (instead of common shoes) on plantar pressure changes through the comparison of the control and the experimental group. All the pregnant women in the experimental group wore biomechanical shoes. Tested shoes consist of patented insoles J Hanák R, Ltd. which are made of pressed cork and its most prominent feature is a depression under the first metatarsophalangeal joint to promote a more balanced loading of all the toes when walking. This stimulates the muscles and connective tissue structures of transverse arch. Elastic straps made of leather which are sewn into the shoe upper sole at the instep and the heel sections provide space for the work of the longitudinal arch of the foot and in the heel region together with a depression under the heel portion enables correction of the calcaneus position ( Figure 1 ). The shoes should improve the strength of the foot, encourage its biomechanical skills and thereby minimize the negative impact of mentioned changes on the plantar pressure distribution pattern.
The article refers to the study of plantar pressure changes during pregnancy and after birth in an experimental group of women who wore specific biomechanical shoes compared to the changes in women who wore common shoes. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The ethical committee of the Faculty of Sports gave its approval with the research procedures too. All the subjects gave their consent to participate in the research.
Methods
Thirty-eight healthy pregnant women with no known pathologies or neuropathies that could influence plantar pressure took part in our whole research. They were divided to experimental and control group. In the experimental group, there were 21 women (average age 32.3 ± 3.1 years, average initial weight 66.7 ± 10.8 kg, average weight gain during pregnancy 13.2 ± 3.6 kg, average postpartum measurement weight 67.2 ± 11.3 kg; meant as mean value ± standard deviation). The control group included 17 women (average age 28.5 ± 2.6 years, average initial weight 62.6 ± 8.2 kg, average weight gain during pregnancy 13.6 ± 4.3 kg, average postpartum measurement weight 61.9 ± 9.6 kg). Measurement of the subjects took place between 2010 -2015 at Masaryk University, Brno, Czech Republic. The first measurement was performed on all 38 women between 8th and 13th week of pregnancy when body changes and the weight gain were minimal. Subjects from the experimental group got three pairs of biomechanical shoes within 14 days of the first measurement. The experimental group was required to wear the shoes at least 3 hours a day. The second measurement took place between the 37th and 39th week ethical approval subjects K. Kolářová, M. Zvonař, M. Vaváček, I. Duvač, M. Sebera of pregnancy. Some of the women had to be excluded from the research because of premature delivery. The postpartum measurements were made in the period of at least 6 to 12 months after delivery, depending on how fast the mother lost the weight she put on during pregnancy. As getting to initial weight might be problematic in some cases, weight criteria was 0-5 kg over the initial weight, the average weight losing period took 34.8 ± 9.5 weeks in experimental group and 32.6 ± 9.2 weeks in control group.
Plantar pressure distribution during barefoot walking was measured using the 3-step dynamic protocol (Bus, de Lange, 2005) on plantographic platform Emed®-at (Novel, Germany). The subject hits the platform with the third step and walks on so the gait is neither in acceleration nor deceleration phase (Cavanagh, Ulbrecht, 1994) . Data for the both the left and right feet were collected during five attempts for each foot (Rosenbaum, Becker 2006) . Values from these attempts were averaged and processed with appropriate software (programs Average and Multimask evaluation, Novel, Germany). We focused on peak plantar pressure and pressure time integral in data collection 10 masks -regions of interest (heel, longitudinal arch, I. -V. metatarsal heads, big toe, second toe and other toes).
For more exact intra individual comparison of changes we converted the measured pressure values of second and third measurement to percentages of the first measurement values. The normal distribution of the values was tested with Lilliefors and Kolmogorov-Smirnov tests of normality. Then the ANOVA and Tukey´s post-hoc tests were applied to determine the regions of significant changes and period when the significant changes occurred. We considered the changes to be significant for values of p < .05. We also used coefficient eta-squared to measure effect size in ANOVA. ANOVA was also used to determine differences between the experimental and control group.
data analysis
In this section only the statistically significant changes will be mentioned. As an illustration, one complete group of results in two tables with descriptive statistics for pressure time integral for the right foot from experimental and control group can be found in this section (Table 1, Table 2 ).
Results
Changes of peak pressure (PP) represent changes in dynamics of the gait pattern.
For the right foot we found significant changes in PP under the longitudinal arch and fourth metatarsal head region in experimental group and under the second metatarsal head and the big toe region in the control group. PP under the longitudinal arch increased by 28% (p = .00) during the pregnancy and decreased by 31% (p = .00) after birth in experimental group. There was no significant change of this parameter in the control group. In the fourth metatarsal region in the experimental group we noticed significant postpartum decrease of PP of 15% (p = .03). Again, there was no significant change of this parameter in the control group. In the second metatarsal head region in the control group of subjects we found the after birth PP value 10% higher (p = .01) than the value from the first trimester. There was no significant difference in experimental group for this region. The last significant change of PP under the right foot was found in the control group where the PP under the big toe increased during pregnancy by 30% (p = .02). No significant change of this parameter was found in the experimental group.
Under the left foot we found significant changes in PP under the longitudinal arch region in both groups and under the big toe in the control group. Under the longitudinal arch we observed an increase of PP during the pregnancy of 28% (p = .01) in the experimental group and of 27% (p = .02) in the control group. After birth there was a decrease in PP of 32% (p = .00) in experimental group whereas there was no significant Table 2 . Descriptive statistics for PTI for the right foot -control group; N = 51; all the values are in % Pressure time integral (PTI) refers to the total load of the area including pressure and contact time. More significant changes in PTI were found than in PP. In the right foot the significant changes were found under the heel region in the experimental group, under the longitudinal arch and first metatarsal head regions in both groups, under the second, third and fourth metatarsal heads in the experimental group and under the big toe in the control group. PTI under the right heel increased during the pregnancy by 12% (p = .05) in the experimental group. Under the longitudinal arch, PTI increased significantly during the pregnancy by 26 % (p = .00) in the experimental group. In the control group the increase on the right foot was not significant, but the postpartum decrease was significant in both groups. In the experimental group, PTI decreased by 27% (p = .00) so the final value was almost the same as the value from the first trimester, while in the control group the decrease of 25% (p = .02) caused the final value to be 12% lower than the initial value from the first trimester. The load of the first metatarsal head area increased significantly during pregnancy in both groups. Increase of 24% (p = .02) was found in the experimental group and increase of 21% (p = .03) was found in the control group. Under the second, third and fourth metatarsal heads there were found increases during the pregnancy in the experimental group: 13% for the second (p = .04) and third (p = .04) metatarsal heads and 17% (p = .03) for the fourth metatarsal head. Postpartum decrease was significant for the third (p = .05) and fourth (p = .01) metatarsal heads regions, where the values fell back to the initial value or slightly under it. There were no significant differences noticed in those regions in control group, except for the decrease
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under the fourth metatarsal head after birth of 15% (p = .05).
The last significant change in PTI for the right foot was found under the big toe region in the control group. This value rose during pregnancy by 33% (p = .02).
For the left foot the significant changes in PTI were found under the longitudinal arch and the first metatarsal head regions for both groups. Then under the second and third metatarsal heads in the experimental group and the fourth metatarsal head and big toe regions in the control group. Under the longitudinal arch the increase during pregnancy was 24% (p = .01) in the experimental group and 20% (p = .04) in the control group. Postpartum decrease of PTI in this area was 24% (p = .00) in the experimental group and 22% (p = .02) in the control group. The increase in PTI under the first metatarsal head during pregnancy was 26% (p = .03) for experimental group and 19% (p = .01) for the control group. After birth, the values of PTI decreased by 24% (p = .05) in the experimental group and by 15% (p = .04) in the control group. Significant changes in PTI for the second (p = .01) and third (p = .02) metatarsal head regions in the experimental group were decreases by 16% in both regions after birth. There were no significant changes in the control group in these regions. Under the fourth metatarsal head we noticed a significant decrease of 15% (p = .02) in the control group during the after birth period. Similar to the right foot, an increase of 26% (p = .03) was measured in the big toe region in the control group. A final comparison of the changes between the experimental and control group through ANOVA showed no significant differences.
In the heel region we found no significant changes in PP which is not in accordance with Ribeiro et al. (2011) who noticed decrease of plantar pressure under the heel during pregnancy. But we can assume that the significant increase of PP we found under the longitudinal arch region shows that most of the heel discussion Plantar Pressure Distribution During and after Pregnancy and the Effect of Biomechanical Shoes strike impact is immediately shifted toward the shock absorbing mechanism -the longitudinal arch -which hits the floor harder during the pregnancy. This finding is in accordance with findings of Snyder (2001), Ribeiro et al. (2011 ), Gaymer et al. (2009 ) and Nyska et al. (1997 who observed a bigger load on the longitudinal arch in pregnant women. In contrast with Gaymer et al. (2009) the decrease in PP after birth under the longitudinal arch was not statistically proved in control group, the final values stayed higher than the initial values. The only significant change under the metatarsal heads for control group was higher value of PP after birth than in first trimester under the second metatarsal head region. In the big toe region we found a significant increase during the pregnancy in the control group. Last two changes point to the forward -medial load shifting during pregnancy, which partly remained after birth.
The most important changes in PTI were noticed under the longitudinal arch and the first metatarsal head, which means that overall load of these two regions tends to be most affected by the somatic changes during and after the pregnancy. Significant increases in both groups for both feet are in accordance with findings of Kardag-Saygi et al. (2010) , Ribeiro et al. (2011 ), Gaymer et al. (2009 ), Nyska et al. (1997 and Snyder (2001) who found either higher load of the longitudinal arch or higher load of forefoot or both in pregnant women. However, the first metatarsal head belongs to the medial forefoot, where, according to Nyska et al. (1997) , the load should be lower during pregnancy which contradicts our findings. Under the fourth metatarsal region we noticed a significant drop in PTI values after birth which proves a positive reaction to the change in conditions. The last significant change in PTI was similar to the PP results, where an increase in the big toe area in the control group was observed. In the experimental group we noticed some significant changes that were different from the changes in the control group and might point to the effect of biomechanical shoes. For the PP it was significant decrease under the longitudinal arch after birth. Next difference was the decrease in PP under the right fourth metatarsal head after birth.
As for the PTI values we observed an increase in the right heel region during the pregnancy in experimental group. We also noticed stronger reactions of forefoot to the pregnancy changes in this group. Significantly higher PTI values were found under the second, third and fourth metatarsal heads during the pregnancy and also significant drops in all of these regions after birth.
Although we found some differences in values between the experimental and control group, the significance of the differences was not statistically proved. Maybe a higher number of subjects may help to improve the statistical power of the study.
During the study of plantar pressure distribution in 38 pregnant women, divided into experimental (21 subjects who wore special biomechanical shoes) and control (17 subjects conclusions who wore common shoes) groups, we found similar significant changes of peak pressure and pressure time integral values during pregnancy and postpartum period in both groups. During the pregnancy, the most significant changes of pressure values were found under the longitudinal arch and first metatarsal head areas in both groups. Mentioned parameters rose during the pregnancy. In the control group we also found a significant increase in values under the big toe. The changes in the plantar pressure values refer to the change of gait and loading pattern when absorbing a harder foot impact in the foot arch and shifting the load in a forward -medial direction in pregnancy. Postpartum, the pressure values in these regions mostly decreased in both groups. There were no statistically significant differences in the changes between the groups, so the effect of the biomechanical shoes was not verified.
